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1. Introduction 
An incisional hernia (Fig 1.) is defined as any abdominal wall gap with or without a bulge in 
the area of a postoperative scar perceptible or palpable by clinical examination or imaging [1]. 
Incisional hernia is a common long-term complication following abdominal surgery and is 
estimated to occur in 11-23% [2, 3]. Risk factors for incisional hernia are male gender, body 
mass index, cancer, and previous laparotomy [4, 5]. 
 
 
Fig. 1. Clinical presentation of a patient with a large incisional hernia  
Conventional hernia repair with tissue approximation was associated with a recurrence rate 
of 60%. Theodore Billroths vision was the source of changes in hernia repair. Billroth told to 
his pupil Cerny: “If we could artificially produce tissues of the density and toughness of 
fascia and tendon the secret of the radical cure of hernia would be discovered”. This 
statement appeard in the classic Beiträge zur Chirurgie in 1987. Francic C. Usher introduced 
1957 a polypropylene based prosthesis to bridge the hernia defect and to reinforce the 
abdominal wall without tension [6]. With the implantation of prosthesis the recurrence rate 
in hernia repair was downsized [7].  
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Incisional hernia can be repaired by open or by laparoscopic approach and prosthetic 
meshes are nowadays implanted in most procedures. The use of laparoscopy for the 
treatment of incisional hernia was first reported in 1993 by LeBlanc and Booth [8]. With the 
introduction of modern two-layered mesh, laparoscopic incisional hernia repair has become 
an accepted therapeutic option. Feasibility and safety of laparoscopic incisional hernia repair 
has been shown in various randomized controlled trials. 
2. Incisional hernia classification 
Developing a good classification for incisional hernias is much more difficult than for groin 
hernias or for primary abdominal wall hernias because of their great diversity. The 
classification as established and published by the consensus meeting of the European 
Hernia Society held in Ghent, Belgium, 2008, (Tab 1.) comprises a division of subgroups for 
incisional hernia, including localization, width, and length of the hernia [9]. The use of the 
classification of the European Hernia Society is nowadays recommended. The analysis of 
subgroups may define patients with high risk for recurrences and may lead to specific 
treatment options. This classification is applicable in laparoscopic and open incisional hernia 
repair. 
 
 
Table 1. European Hernia Society classification for incisional abdominal wall hernia 
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3. Symptoms 
A swelling or protrusion with or without abdominal pain can be observed in a patient with 
an incisional hernia when the patient sits up or coughs. In large incisional hernia peristaltic 
bowel movements can be observed through a thin skin, sometimes already accompanied 
with signs of a skin infection. Incisional hernias may occur along the full length of the 
incision with one or multiple hernial orifices. Incarceration is the main complication of an 
incisional hernia [10] and occurs in 1-3% of all hernias. Signs of incarceration are acute pain 
and vomiting. Clinically there is a tense, tender irreducible hernia. In these cases an 
emergency hernia repair is mandatory. Emergency hernia repair can also be performed by 
laparoscopy with an additional mini-laparotomy if bowel resection is necessary. 
Incisional hernia can be diagnosed by physical examination. Additional ultrasound or CT-
scan examination are recommended in cases of uncertainty (Fig 2). 
 
  
Fig. 2. CT-Scan of a patient with a large incisional hernia. The hernia contains small and 
large bowel. 
4. Surgical technique of laparoscopic hernia repair 
We routinely use a 30° camera. Scissors and two graspers have to be prepared for 
laparoscopic hernia repair. The screen is placed at the opposite of the surgeon. The patient is 
placed in a supine position with both arms unabducted under general anesthesia. A single 
shot of antibiotics is given preoperatively. The site of trocar placing depends on the 
localization of the hernia. If the hernia is localized in the right hemiabdomen, the trocars 
should be placed on the left side. Using a limited open technique the pneumoperitoneum is 
established and the optical trocar is inserted, and under direct vision, a minimum of two 
additional trocars at a suitable distance from the hernial orifice are inserted. Alternatively 
the pneumoperitoneum can be established using a Verres-Needle. After establishing the 
pneumoperitoneum at 12mmHg a diagnostic laparoscopy is performed. Adhesions between 
the omentum or intestine with the anterior wall surrounding the hernial orifice are divided, 
and the content of the hernia is reduced completely (Fig. 3). Adhesiolysis has to be 
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performed with scissors and without electocoagulation under direct vision to avoid bowel 
lesions. In cases of incarceration the necrotic tissue has to be resected. If there is not enough 
working space or the trocars are not correctly placed an additional trocar can be helpful. 
 
 
Fig. 3. Intraoperative laparoscopic view of the hernial orifice  
In general, the hernial sac is left in situ. After completion of adhesiolysis, the 
pneumoperitoneum is released, the maximal longitudinal and horizontal hernia diameter is 
measured and marked on the skin (Fig. 4). An appropriate sized mesh is tailored in order to 
 
 
Fig. 4. Patient with an incisional hernia in the upper part of the scar. The hernia and the size 
of the mesh is marked on the patients skin. 
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overlap the hernia margins by at least 5 cm on each side. In addition, the mesh should 
overlap the full length of the incision of the primary operation. Non absorbable 
monofilament sutures are placed in 2-3 cm intervals along the mesh margin. The mesh is 
rolled up and inserted into the abdomen through a 12mm trocar. 
Then the mesh is rolled up and introduced into the abdominal cavity. After the mesh is 
positioned correctly in the abdominal cavity, the suture ties are pulled through the 
abdominal wall with a suture passer and the threats are knotted smoothly with the knots 
buried in the subcutaneous tissue after reduction of the intraabdominal pressure to 8mmHg. 
We use titanium tackers that are applied between the sutures every 1 to 2 cm between the 
sutures and around the hernial orifice (Fig 5). If the skin is necrotic or to enhance cosmetic 
results in large incisional hernia an additional open cutaneous excision is recommended. 
 
 
Fig. 5. Intraoperative laparoscopic view after Mesh implantation.  
5. Patient selection 
5.1 General considerations  
In general we plan the laparoscopic approach for all patients with incisional hernia. 
Contraindications for laparoscopic hernia repair are the presence of anesthetic (severe 
pulmonary disease) or technical contraindications (eviscerated organs) or patients unwilling 
to undergo laparoscopic surgery.  
5.2 Large incisional hernia 
In our institution we prospectively evaluated 125 with a hernia diameter ≥5cm among 428 
patients undergoing incisional hernia repair. We demonstrated that laparoscopic repair of 
large incisional hernias is technical feasible and associated with less SSI and shorter hospital 
stay but a comparable recurrence rate as open hernia repair (Table 2) [11]. 
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 Lap. group 
n = 69
Open group
n = 56
P-Value 
SSI 4 (5.8) 16 (26.8) 0.006 
Intestinal fistula 0 (0) 1 (1.8) n.s. 
Hospital stay (days)* 6 (1-23) 7 (1-67) 0.014 
Recurrence 11 (15.9) 10 (17.9) n.s. 
Return to work (weeks) 3 (0-50) 6 (0-28) n.s. 
Pain at follow-up (VAS) 0.6 (0-6) 0.5 (0-5) n.s. 
Values in parentheses are percentages unless indicated otherwise. * Values are median (range). 
Table 2. Results of outcome parameters of large incisional hernia repair  
5.3 Incisional hernia after liver transplantation  
We showed that laparoscopic incisional hernia repair is feasible and safe even in patients 
under immunosuppressive therapy [12].  
6. Postoperative outcome 
6.1 Conversion to open surgery 
The conversion rate to open surgery depends on the surgeons experience, the surgical skills, 
and intraoperative complications such as bowel lesions or bleeding. In the literature 
conversion to open surgery is mostly due to adhesions, with an overall conversion rate of 
10-15% [12, 13]. However, complete adhesiolysis is very important especially in large 
incisional hernia to gain enough place for the mesh fixation and therefore to minimize the 
recurrence rate.  
6.2 Operation time 
There is a wide range in duration of the operation comparing laparoscopic and open 
incisional hernia repair. Most studies revealed that operation time in laparoscopic 
incisional hernia repair is longer compared to open surgery [12-14]. However, there was 
always a statistically difference in all these studies. Longer operation time can be 
explained with the learning curve in laparoscopy. Furthermore the fixation technique of 
the mesh can be time consuming especially in large incisional hernia repair. On the other 
hand there are some studies with no difference or even a shorter operation time in 
laparoscopic surgery [15, 16].  
6.3 Sugical site infections 
The definition of Surgical site infections (SSIs) according to the criteria developed by the 
Centers for Disease Control and Prevention include every SSI up to 30 days after the 
operation [17]. Infections are categorized as incisional (superficial or deep) infections or 
organ–space infections. Superficial SSIs involve only skin and subcutaneous tissue and 
exclude stitch abscesses. Deep SSIs involve deeper soft tissues at the site of incision. Organ–
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space SSIs are defined as infections in any organ or space. In laparoscopic incisional hernia 
repair the incidence of SSI is low. In a meta-analysis of 8 randomized controlled trials Forbes 
et al. showed a significant reduced risk of surgical site infections in laparoscopic incisional 
hernia repair compared to open surgery [18]. The extensive tissue dissection which is 
associated with the open approach explains the significant higher infection rate in open 
surgery. Mostly SSIs in laparoscopic surgery are superficial and can be treated 
conservatively. Mesh removal due to an surgical site infection is very rare [19]. 
6.4 Enterotomy 
In general the mortality rate of laparoscopic incisional hernia repair is low with 0.05% [8]. 
The most serious complication during laparoscopic incisional hernia repair is enterotomy 
[8]. Enterotomy occurs during adhesiolysis or as a burning lesion with the electorcauter. 
Therefore we avoid electrocauterisation during adhesiolysis to prevent bowel lesions and 
perforation. The incidence of intraoperative bowel injuries has been reported to be 1.78% 
[20] A recognized enterotomy during the operation is associated with a mortality rate of 
1.7% [20]. However, if the enterotomy is not recognized during the operation the mortality 
rate is increased up to 7.7% [20]. Enterotomy can be repaired by laparoscopic or open 
approach with similar outcome result [20].  
6.5 Enterocutaneous fistula 
Enterocutaneous fistula after intraperitoneal non-resorbable mesh implantation was first 
reported in by Kaufman et al. in 1981 [21]. An overview of the current literature shows that 
enterocutaneous fistula after incisional hernia repair is a rare complication and occurs in up 
to 1% [22]. There was no association of enterocutaneous fistula if the omentum was placed 
between the mesh and bowel or not. In cases of enterocutaneous fistula the mesh has to be 
resected partially around the fistula. Complete mesh removal is very rare and depends on 
the surgeons experience [23] 
6.6 Pain 
Lomanto et al. showed that there is no difference in the amount of pain comparing 
laparoscopic and open hernia repair at 24 and 48 hours postoperatively [24]. However, 
patients undergoing laparoscopic repair had significantly less pain at 72 hours compared to 
open surgery allowing earlier discharge and return to work [24].  
The threshold for chronic pain is set at three months postoperatively according to the 
International Association for the Study of Pain [25]. There is no meta-analysis investigating 
chronic pain after laparoscopic incisional hernia repair. Postoperative pain after mesh 
fixation with transfascial sutures is likely due to nerve irritation or entrapmen [26]. There is 
a randomized controlled trial investigating pain comparing two different techniques of 
mesh fixation [26]. Postoperative pain following suture fixation was significantly higher at 6 
weeks postoperatively and two patients suffered from nerve irritation at sites of sutures. 
However, after 6 months, no difference was seen between the two groups. Pain after mesh 
fixation with transfascial sutures is likely due to nerve irritation or entrapment and the 
relatively small distance between individual sutures used in this study. The significant 
reduction of pain between 6 weeks and 6 months post operation in these patients could be in 
response to desensitisation of entrapped nerve fibres or in response to resolution of local 
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inflammation [26]. Asencio et al. showed in their study that 22% of the laparoscopic group 
and 7% of the open group reported significantly pain three months after the operation [13]. 
But all were pain free one year after the operation [13] . Therefore when pain persists a 
surgical revisions due to nerve irritation is not recommended earlier than 6 months. 
Alternatively a postoperative local injection of bupivacaine and steroids or removal of the 
offending suture is recommended [27]. 
6.7 Recurrence rate 
Recurrence rate is one of the most important long-term outcome parameters in laparoscopic 
incisional hernia repair. Forbes et al. showed in their meta-analysis no difference in the 
recurrence rate between laparoscopic and open incisional hernia repair [18]. The pooled 
recurrence rate in the laparoscopic group was 3.4% and in the open group 3.5% in this 
study. Such a low recurrence rate after either laparoscopic and open repair can be explained 
with a relatively short follow-up and the small size of the hernias [18]. A follow-up of at 
least three years is mandatory to evaluate correctly the real incidence of incisional hernia 
due to the fact that incisional hernia can occur up to 5 years after the operation. With such a 
long-term follow-up the incidence of recurrence has been reported to be up to 15-20% in 
laparoscopic and open repair [11, 13].  
Two technical details can minimize the recurrence rate. First a sufficient overlap of the mesh 
and second the mesh fixation. We showed a significant decrease in horizontal mesh size 
after tack fixation (mean difference -3.1% ±3.9%) versus fixation using sutures (-0.1% ±2.3%; 
p=0.018) [26]. Mean vertical mesh size was not significantly different between the two 
groups: tack fixation -2.8% ±6.1%, suture fixation -0.7% ±4.1% (p=0.16). Mean mesh area in 
the tack fixation group was -12% and in the suture fixation group -2.9% at 6 months post 
operatively when compared to post-op day 2 (p=0.061) [26]. Therefore a sufficient mesh-
overlap of the hernial orifice is mandatory in order to reduce recurrence rate. 
Typical locations for hernia recurrences due to the mesh shrinkage are at the margin of the 
mesh as shown in Fig. 6. Because the risk to gain a second incisional hernia or a recurrent 
hernia along the full length of the incision, it is recommended to cover the whole length of 
the incision during the first operation. 
6.8 Seroma formation 
The retained hernia sac is responsible for seroma formation. Seroma formation is classified 
as a complication if it lasts more than 6 weeks after the operation. A randomized controlled 
trial of Olmi et al. showed an incidence of seroma formation of 7% [15]. In most cases no 
intervention is necessary. In cases of symptoms or if the seroma lasts longer than 8 weeks a 
drainage is recommended. Potentially a compression dressing over a period of 7 days may 
prevent seroma formation.  
6.9 Hospitalisation time 
Forbes et al. showed in their meta-analysis that duration of hospital stay is significantly 
shorter in laparoscopic incisional hernia repair compared to open surgery [18]. Less amount 
of pain [24] and a significantly lower rate of surgical site infections in laparoscopic repair 
[18] are reflected in a shorter hospital stay. Influence of shorter hospital stay on overall costs 
in laparoscopic hernia repair is discussed below. 
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6.10 Costs 
On the one hand operative costs of laparoscopic incisional hernia repair compared to open 
surgery are significantly higher due to expensive surgical tools in laparoscopy. On the other 
hand in hospital costs are significantly lower in laparoscopic surgery due to shorter hospital 
stay, lower infection rate and less postoperative pain. However, laparoscopic incisional 
hernia repair is associated with significant lower overall costs. Therefore laparoscopic 
incisional hernia repair is cost effective [15, 28].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Intraoperative laparoscopic view of a recurrent hernia along the incision at the edge 
of the mesh.  
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7. Conclusion 
In conclusion laparoscopic incisional hernia repair is feasible and safe. Reduced SSI and 
reduced hospital stay are the major short term advantages associated with laparoscopy most 
likely as a consequence of reduced wound size [18, 27]. Recurrence rate are comparable in 
laparoscopic and open incisional hernia repair [18].  
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